Crystal structure of (AE)-(1SR,5SR,6SR,7SR,10SR,-11SR,13SR)- 13-benzyloxy-7-methoxymethoxy-11,15,18,18-tetramethyl-3-oxo-2,4-dioxatetracyclo[12.3. In the title compound, C 36 H 42 O 8 , the dioxolane ring adopts a twist conformation; the two adjacent C atoms deviate alternately from the mean plane of other atoms by À0.287 (5) and 0.174 (5) Å . The cyclohexane, cyclohexadiene and central cyclooctane rings show chair, half-chair and boatchair forms, respectively. As a result of the strained ring system, the tetrasubsituted olefin in the cyclohexadiene is skewed from an ideal planar structure. In the crystal, C-HÁ Á ÁO hydrogen bonds connect the molecules into a sheet parallel to (100). The sheets are further linked by other weak C-HÁ Á ÁO and C-HÁ Á Á interactions, forming a three-dimensional network.
Chemical context
Paclitaxel is a well-known natural diterpenoid containing a taxane framework (tricyclo[9.3.1.0 3, 8 ]pentadecane; Fig. 1 ), with a potent antitumor activity (Wall & Wani, 1995) . The complicated structure and significant bioactivity have attracted chemical and medicinal interest. Previously, we have reported the crystal structures of the precursor for cyclization to build the taxane skeleton , and cyclized compounds obtained in the synthetic study of paclitaxel. The title compound was afforded by further manipulation of functional groups of the cyclized compounds . ISSN 2056-9890 Figure 1
Left: Structure of the tricyclo[9.3.1.0 3, 8 ]pentadecane (taxane) skeleton; Right: The title compound, indicating the taxane skeleton with red lines.
Structural commentary
The molecular structure of the title compound is shown in Fig. 2 . The dioxolane ring (C1/C2/O20/C21/O22) adopts a twist form with puckering parameters of Q(2) = 0.272 (2) Å and
. Atoms C1 and C2 deviate from the mean plane of the other atoms by À0.287 (5) and 0.174 (5) Å , respectively. The cyclohexane ring (C3-C8) adopts a chair form with puckering parameters of Q = 0.590 (2) Å , = 10. 97 (19) , ' = 294.8 (12) , Q(2) = 0.110 (2) Å and Q(3) = 0.579 (2) Å . The large substituents (C3-C2, C7-O24 and C8-C9) are in equatorial positions, while the methoxymethoxy group (C4-O41) is slightly tilted from the ideal equatorial position with an angle to the Cremer & Pople plane of 59.01 (14) . The cyclohexadiene ring (C1/C14/C13/C12/C11/C15) adopts a half-boat form with puckering parameters of Q = 0.598 (2) Å , = 115.68 (19) , ' = 131.4 (3) , Q(2) = 0.539 (2) and Q(3) = 0.259 (2) . The tetrasubstituted olefin (C10/C15/ C11 C12/C13/C18) is skewed from an ideal planar structure as a result of the strain in the fused-ring system, the C10-C11 C12-C18, C15-C11 C12-C13, C10-C11 C12-C13 and C15-C11 C12-C18 torsion angles being À19.5 (3), À18.4 (3), 150.34 (18) and 171.80 (18) , respectively. The dihedral angle between the C10/C11/C15 and C18/ C12/C13 planes is 26.4 (3) . The other olefin (C12/C13 C14/ C1) slightly deviates from planarity with a C12-C13 C14-C1 torsion angle of 9.1 (3)
. The diene moiety shows a Figure 2 The molecular structure of the title compound with the atom labeling. Displacement ellipsoids are drawn at the 30% probability level. The purple dotted line indicates the intramolecular short contact. For clarity, only the H atoms attached to the chiral C atoms and related to the short contact are shown. Table 1 Hydrogen-bond geometry (Å , ).
Cg is the centroid of the C35-C40 benzene ring. C11 C12-C13 C14 torsion angle of À17.7 (3) . The central cyclooctane ring (C1-C3/C8-C11/C15) adopts a boatchair form with puckering parameters of Q = 1.182 (2) Å , Q(2) = 0.897 (2) Å , '(2) = 179.75 (15) , Q(3) = 0.627 (2) Å , '(3) = 2.7 (2) and Q(4) = 0.441 (2) Å . There is an intramolecular short contact of 1.98 Å between atoms H2 and H9B (Fig. 2) .
Supramolecular features
Intermolecular C-HÁ Á ÁO interactions (C34-H34AÁ Á ÁO43 i and C38-H38Á Á ÁO23
ii ; Table 1 and Fig. 3 ) lead to the formation of a sheet parallel to (100). These sheets are further linked through weak intermolecular C-HÁ Á ÁO and C-HÁ Á Á interactions (C31-H31Á Á ÁO33
iii , C2-H2Á Á ÁO23 
Database survey
In the Cambridge Structural Database (CSD, Version 5.36, November 2014; Groom & Allen, 2014) , 85 structures containing a tricyclo[9.3.1.0 3,8 ]pentadec-11-ene skeleton, (a), are registered (Fig. 6 ). These include a large number of paclitaxels and its analogues, and one compound (NEGBOQ; Poujol et al., 1997) containing a 2,4-dioxatetracyclo-[12.3.1.0 1,5 .0 6,11 ]octadec-14-ene skeleton, (e), which is a dihydro derivative for the tetracyclic core of the title compound, (d). Another related structure (SOJWOD; Paquette & Zhao, 1998 ) containing a tricyclo[9.3.1.0 3,8 ]pentadec-13-ene skeleton, (b), has also been reported.
On the other hand, there are two related structures (GOQBET and GOQBIX; Keil et al., 1994) containing a bicyclo[5.3.1]undeca-7,9-diene skeleton, (c). Additionally, related tetracyclic taxoid (ILIQUP; Ohba et al., 2003) and cyclic precursors for a taxane framework (NOTROF; were obtained in our previous study. Furthermore, the structures of the three related tetracyclic compounds have been reported . There are other crystalline compounds, closely related to the title compound with 2,4-dioxatetracyclo[12.3.1.0 1, 5 .0 6,11 ]octadeca-8,14-diene skeleton, (f) , but they have not been deposited in the CSD.
Synthesis and crystallization
The title compound was provided in a synthetic study on paclitaxel . The cyclohexadiene unit (C1/ C14/C13/C12/C11/C15) was synthesized according to the reported procedure , and coupled with the substituted cyclohexane unit (C3-C8) prepared from 3-methylanisole by a Shapiro reaction . A cyclization reaction followed by further manipulations of the functional groups afforded the title compound. Purification was carried out by silica gel chromatography, and Core structures for database survey; tricyclo[9.3.1.0 3,8 ]pentadecane (taxane) and its (a) 11-ene and (b) 13-ene derivatives, (c) bicyclo[5.3.1]-undeca-7,9-diene, (d) the tetracyclic core of the title compound with ring labelling and (e) its dihydro derivative and (f) the regioisomer of olefin. The ring-fusion geometries are similar to the title compound in each of the related structures, as cis-AB, trans-BC and trans-BD.
colorless crystals were obtained from a benzene solution under a pentane-saturated atmosphere by slow evaporation at ambient temperature.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . C-bound H atoms were positioned geometrically with C-H = 0.95-1.00 Å , and constrained to ride on their parent atoms with U iso (H) = 1.2U eq (C) or 1.5U eq (methyl C). Computer programs: APEX2 and SAINT (Bruker, 2014) , SHELXS2013 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , Mercury (Macrae et al., 2006) , publCIF (Westrip, 2010) and PLATON (Spek, 2009 program(s) used to solve structure: SHELXS2013 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: Mercury (Macrae et al., 2006) ; software used to prepare material for publication:
publCIF (Westrip, 2010) and PLATON (Spek, 2009 ). are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Problematic one reflection with |I(obs)-I(calc)|/σW(I) greater than 10 (-2 3 1) has been omitted in the final refinement. Hydrogen-bond geometry (Å, º) Cg is the centroid of the C35-C40 benzene ring. Symmetry codes: (i) x, y+1, z; (ii) x, y+1, z−1; (iii) −x+1, −y+1, −z+1; (iv) −x+1, −y, −z+2; (v) −x, −y+1, −z+1.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

